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PACKETIZING TELECOMMUNICATIONS SWITCH 



FIELD OF BNVENTION 



The invention relates generally to telecommunications switches, and in 
particular, to telecommunications switches terminating data communications 
equipment for transmission of data. 



When a data communications device, such as a computer, is used to 
communicate with another data communications device over a telephone 
network, the data communications devices use modems to facilitate the 

15 transmission. A modem, coupled to a transmitting data communication device, 
receives digital information from the transmitting data communication device 
and generates an analog signal that is transmitted over a telephone call over 
a telephone network. A modem coupled to the receiving data 
communications device on the other end of the telephone call receives the 

20 telephone call including the analog signal. The modem coupled to the 

receiving data communications device uses its modem to demodulate the 
digital information included in the analog signal in the telephone call for use by 
the receiving data communications device. For two-way communications, the 
receiving data communications device uses its modem to send data to the 

25 modem of the transmitting data communications device. 

A telecommunications switch terminates the connection to the 
transmitting data communications device. That is, a telephone transmission 
facility, such as a line or trunk, is connected between the telecommunications 
switch and the modem coupled to the transmitting data communications 

30 device. The modem places telephone calls via the telephone line connected 
to the telecommunications switch. Similarly, the receiving data 
communications device is terminated at a telecommunications switch. That 
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is, a telephone transmission facility, such as a line or trunk, is connected 
between the telecommunications switch and the modem coupled to the 
receiving data communications equipment. Although the telecommunications 
switch terminating the transmitting data communications device may be the 
5 same telecommunications switch terminating the receiving data 

communications device, it is likely that the telecommunications switches are 
different. In the case where the telecommunications switches are different, a 
connection for a telephone call is established between the two switches over 
a telephone network, where the connection may traverse several 

10 telecommunications switches and multiple lines and trunks. Even where the 
receiving and transmitting data communications equipment is terminated on 
the same telecommunications switch, a virtual circuit connection across a 
switch fabric is required for communications. The connection between the 
transmitting and receiving data communications devices is formed by a virtual 

1 5 circuit, which uses dedicated resources on each switch and trunk or line 
comprising the virtual circuit. The virtual circuit requires that the 
telecommunications switches devote resources and bandwidth to keep the 
connection active. However, the data transmissions between the transmitting 
and receiving data communications devices are typically sporadic, not always 

20 requiring all the dedicated bandwidth of the virtual circuit. Therefore, the 
dedication of a virtual circuit may waste valuable telecommunications 
resources. 

Data networks do not typically require a dedicated connection between 
devices for communications. Packet transmission allows data 

25 communications devices to communicate over a data network by passing 
discrete chunks of data or packets over shared connections. Data networks 
alone, however, are not sufficiently available and compatible to provide the 
wide area communications achievable over the public switched telephone 
network. In particular, a typical computer user is not connected to a wide- 

30 area data network, but relies on the public switched telephone network to 
provide this connectivity. 



Large data communications users, such as Internet service providers, seek to 
reduce the distance between their data networks and servers and their users' 
computers. By reducing the distance between the data network and a user's 
computer, the number of telecommunications switches used for a virtual 
5 circuit is lowered, freeing up costly resources. One known method to reduce 
the distance between a data network and users' computers is to employ 
modem pools in an area in close proximity to a telecommunications switch. 
The modem pools receive circuit connections for telephone calls carrying data 
through the telecommunications switch. The modem pools terminate the 

10 modem protocols with the users' computers and concentrate the demodulated 
output from users into a data network. For two-way communications, input 
from the service provider's servers is received by the modem pool and 
modulated onto the appropriate circuit connections. 

FIG. 1 shows such an arrangement where a modem 10 communicates 

15 with a server 20 via a modem pool 18. As shown in FIG.1, access circuit 12 
connects modem 10 to telecommunications switch 50 for placing and 
receiving telephone calls. Trunk circuit 16 connects modem pool 18 to 
telecommunications switch 50 for transmitting and receiving telephone calls. 
Even though modem 10 and modem pool 18 are terminated on the same 

20 telecommunications switch 50, a virtual circuit is required for data 

communications between these two devices. In particular, a virtual circuit is 
formed between access circuit 12 and the trunk circuit 16 via the switch fabric 
14 of telecommunications switch 50. 

Although, the modem pool solution alleviates some of the wasted 

25 resources required for a circuit connection for data communications, at least 
some resources through a circuit connection are still required and likely 
wasted. That is, the bandwidth of the virtual circuit is not fully utilized. 

Therefore, a need exists for a system that reduces the amount of 
telecommunications resources required for transmitting and receiving a data 

30 transmission via a connection to a switched telephone network. 



SUMMARY OF THE INVENTION 
In accordance with one aspect of the present invention a method is 
provided for packetizing a data transmission using a telecommunications 
switch. The method is initiated upon the receipt of a telephone call by the 
5 telecommunications switch. After the telephone call is received, a 

determination is made as to whether the telephone call includes a data 
transmission conforming to a predetermined data protocol. The data protocol 
is, for example, a facsimile or modem data protocol. The data transmission 
includes a digital information signal. If the telephone call includes the data 

10 transmission, then the telecommunications switch terminates the 

predetermined data protocol. For example, for a modem protocol, the 
telecommunications switch provides signals simulating responses from a 
modem. The telecommunications switch demodulates the digital information 
signal from the data transmission, rather than propagating the data 

15 transmission through the telephone network. The digital information signal is 
then transmitted to its destination via a data network interface to a data 
network corresponding to the telephone call destination. The destination 
sends data to the device initiating the call using the data network. Data from 
the data network is received by the data network interface on the 

20 telecommunications switch. The data is modulated into a predetermined data 
protocol for transmission over the telephone call- 
in another aspect of the present invention, an apparatus is provided for 
packetizing the digital information signal contained in a telephone call. The 
digital information signal is modulated in a data transmission conforming to a 

25 predetermined data protocol. The apparatus includes an access circuit for 
interfacing with customer premise equipment and receiving telephone calls 
from the customer premise equipment. A data protocol analyzer is coupled to 
the access circuit to determine whether a telephone call received via the 
access circuit includes a data transmission conforming to a predetermined 

30 data protocol. If the telephone call includes the data transmission, a 
demodulator is coupled to the access circuit to demodulate a digital 
information signal from the data transmission. A data network interface is 
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coupled to the demodulator to receive the digital information signal and format 
the digital information signal for a data network corresponding to the 
destination of the telephone call. 

For receiving communications from the data network, an apparatus is 
5 provided for generating a circuit transmission from the data packet received 
from a data network. The data packet received from the data network 
contains a digital information signal. The apparatus includes a data network 
interface to receive and format the data packet from the data network into a 
digital information signal. A modulator is coupled to the data network interface 
10 to modulate the digital information signal into a data transmission conforming 
to a predetermined data protocol. The access circuit is coupled to the 
modulator for interfacing with the customer premise equipment and 
transmitting the data transmission to the customer premise equipment as a 
part of the telephone call. 



FIG. 1 is a block diagram of a prior art telecommunications network 
system, wherein modem pooling is employed for data communications. 

FIG. 2 is a block diagram of a telecommunications network system, 
20 including a telecommunications switch in accordance with the present 
invention. 

FIG. 3 is a block diagram of a preferred embodiment of a 
telecommunications switch in accordance with the present invention. 



25 a data network in accordance with the present invention. 

FIG. 5 is a flow chart illustrating a method of generating a circuit 
transmission from data received from a data network in accordance with the 
present invention. 



15 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIGS. 4A-B are flow charts illustrating a method of packetizing data for 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIG. 2 is a block diagram of a telecommunications network system 100 
in accordance with the present invention. The telecommunications network 



system 100 includes a telecommunications switch 150, a public switched 
telephone network 110 (PSTN), a telecommunications switch 1 12, a modem 
1 14, a server 116, and a data network 118. The telecommunications switch 
150 interfaces customer premise equipment to the PSTN 110. As shown in 
5 FIG. 2, the customer premise equipment is, for example, a telephone 102, a 
modem 104, or a facsimile machine (fax machine) 106. Server 1 16 is also 
coupled to the PSTN 1 10 via the modem 114 and the telecommunications 
switch 112. In a typical data transmission, a user's computer that is coupled 
to modem 104 transmits data to and receives data from server 116 and 

1 0 modem 1 1 4 via the PSTN 1 1 0. 

In accordance with the present invention, the telecommunications 
switch 150 provides an alternative pathway for a data transmission between 
the customer premise equipment terminated by switch 150 and another data 
communications device, for example, the server 116. The 

15 telecommunications switch 150 is coupled to a data network 118 that is 

directly connected to server 116. Preferably, the telecommunications switch 
150 converts a telephone call containing a digital information signal into data 
packets conforming to a data network protocol. In this preferred embodiment, 
the data network 118 then transmits the data packets, including the digital 

20 information, to the server 116. For two-way communications, server 1 1 6 
sends data over data network 1 18 to telecommunications switch 150. 
Telecommunications switch 150 receives the data and modulates the data for 
receipt by the customer premise equipment terminated on 
telecommunications switch 150. 

25 FIG. 3 is a block diagram of a preferred embodiment of 

telecommunications switch 150 in accordance with the present invention. The 
telecommunications switch 150 includes an access circuit 202, a switch fabric 
204, and a trunk interface 206. Though one access circuit 202 and one trunk 
interface 204 are shown in FIG. 2, a plurality of access circuits and trunk 

30 interfaces are typically connected to switch fabric 204. Access circuit 202 
couples customer premise equipment and the associated facilities to 
telecommunications switch 150 for placing and receiving telephone calls. 



Customer premise equipment is connected to switch 150 via lines. Trunk 
interface 206 couples switch 150 to telephone network 110. Typically, trunk 
interface 206 is connected via trunks to trunk interfaces on other 
telecommunications switches that comprise telephone network 110. 
5 The telecommunications switch 150 also includes a data protocol 

analyzer 208, a data protocol terminator 210, a demodulator 212, and a data 
network interface 216. The data protocol analyzer 208, data protocol 
terminator 210, demodulator 212, and data network interface 216 provide an 
alternative pathway for data transmission between the customer premise 

10 equipment terminated by telecommunications switch 150 and another data 
communications device. Data protocol analyzer 208 is coupled to access 
circuit 202 to determine whether a telephone call for the access circuit 202 
includes a data transmission conforming to a predetermined data protocol. 
Data protocol terminator 210 is coupled to the access circuit 202 to terminate 

1 5 the data protocol of a data transmission if the data protocol analyzer 208 
determines the telephone call includes a data transmission conforming to a 
predetermined data protocol. 

Demodulator 212 is coupled to the access circuit 202 to demodulate a 
digital information signal included in a data transmission received from access 

20 circuit 202. In the data transmission, the digital information signal is mixed or 
modulated onto a carrier signal. The demodulator 212 filters out or 
demodulates the carrier signal to obtain the digital information signal that is 
forwarded to the data network interface 216. 

Data network interface 216 is coupled to the demodulator 212 to 

25 interface with data network 118. Data network interface 216 receives the 
digital information signal from the demodulator 212 and transmits the digital 
information signal to the data network 118. Preferably, data network interface 
216 comprises a packetizer 218 to convert the digital information signal into a 
series of bits conforming to a data network protocol. 

30 For two-way communications, the telecommunications switch 1 50 

includes a modulator 214 that is coupled to the data network interface 216. 
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The modulator 214 and data network interface 216 provide an alternative 
pathway for data communications from a data communications device to 
customer premise equipment terminated by telecommunications switch 150. 
Data network interface 216 preferably receives data packets from data 
5 network 118. The data packets are processed into a digital information signal 
for modulator 214. Most preferably, data network interface 216 includes a 
depacketizer 220 that unpacks or depacketizes data packets from data 
network 1 18 to form a digital information signal. Modulator 214 receives the 
digital information signal and modulates the signal into a data transmission 

10 that is sent to access circuit 202 for transmission during a telephone call with 
the customer premise equipment. 

Data protocol analyzer 208, data protocol terminator 210, demodulator 
212, and modulator 214 are preferably one or more, or the same, digital signal 
processors with stored programs to implement the specified functions. Most 

15 preferably, the access circuit 202 has a digital signal processor for voice 
packetization that is reused to implement the specified functions of data 
protocol analyzer 208, data protocol terminator 210, demodulator 212, and 
modulator 214. Alternatively, data protocol analyzer 208, data protocol 
terminator 210, demodulator 212, and modulator 214 are implemented with 

20 microprocessors, combinatorial logic, sequential logic, or a combination of 
these with appropriate interface circuits. Data network interface 216, 
including packetizer 218 and depacketizer 220, is preferably one or more 
microprocessors with stored programs to implement the specified functions. 
Alternatively, data network interface 216 is implemented with combinational 

25 logic, sequential logic, or a combination of these. Data network interface 216 
includes interface circuits for connection to data network 118. 

FIGS. 4A-B are a flow chart illustrating a method for packetizing data 
for a data network in accordance with the present invention. FIGS. 4A-B are 
described below with reference to system 100 in FIG. 2 and the 

30 telecommunications switch 150 in FIG. 3. 

First, telecommunications switch 150 receives a telephone call made 
from the customer premise equipment, for example, modem 104 (302). The 



telephone call includes a called number and a calling number. The called 
number corresponds to a destination device. The calling number corresponds 
to the number associated with the line the call originates from, in this case, 
modem 104. 

5 Next, the telecommunications switch 150 determines whether the 

called or calling number corresponds to a data network 118 (304). Preferably, 
the telecommunications switch 150 checks at least a portion of the calling 
number and/or called number against a list or database of calling or called 
numbers associated with data networks connected to the telecommunications 

10 switch 150. In particular, certain destination (called) numbers, or portions 

thereof, are preferably pre-subscribed in a database such that the destination 
numbers are correlated to known connections or addresses to data networks. 
Calling numbers are alternatively pre-subscribed in a database such that a 
call initiated from a particular calling number is directed to a default data 

1 5 network. If the called or calling number does not correspond to a network, the 
telephone call is routed to the telephone network 1 10 in the normal manner 
(316). If, on the other hand, the called or calling number corresponds to a 
known data network, then a data call is presumed, and switch 150 translates 
the called or calling number into a data network indicator (306). 

20 The data protocol analyzer 208 determines the data protocol of the 

data transmission (307). Next, the data protocol terminator 210 terminates 
the protocol of the data transmission (308). The demodulator 214 receives the 
telephone call transmission and demodulates the digital information signal 
included therein (310). 

25 The data network interface 216 receives the digital information signal 

from the demodulator 214 and generates data in a format acceptable to the 
data network (312). Preferably, a transmit packet of data is generated. The 
packetization of the transmit packet is preferably done by a packetizer 218 
contained in the data network interface 216. The data network interface 216 

30 then transmits the transmit packet into the data network 118 that corresponds 
to the data network indicator (314). 
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FIG. 5 is a flow chart illustrating a method of generating a circuit 
transmission from data received from a data network in accordance with the 
present invention. This method is used to send data to the customer premise 
equipment terminated on switch 150. FIG. 5 is described below in reference 
5 to system 100 of FIG. 2 and the telecommunications switch 150 in FIG. 3. 

First, data from data network 1 18 is received by the data network 
interface 216 (402). Preferably, packets of data are received from data 
network 118. Preferably, the received data packet contains a digital 
information signal. The data network interface 216 depacketizes the received 

10 packet into the digital information signal (404). The data network interface 
216, preferably, contains a depacketizer 220 for depacketizing the data 
packet. The digital information signal is then directed to the modulator 214. 
The modulator 214 modulates the digital information signal into a data 
transmission (406). The preferred modulation technique converts the digital 

15 information signal into a data transmission for transfer over a telephone call. 
Finally, the telecommunications switch 150 transmits the data transmission to 
the customer premise equipment (408). The telecommunications switch 150 
preferably uses the access circuit 202 to transmit the data transmission. 
As discussed herein, a telecommunications switch recognizes and 

20 processes a telephone data transmission into data or packets compatible with 
a data network. Advantageously, a data transmission is detected and 
transmitted in a data network without wasting virtual circuit resources. In 
particular, by diverting a data transmission at an access circuit in a 
telecommunications switch, a connection through a switch fabric is avoided. 

25 Also, hardware available in an access circuit is reused to effect the diversion, 
thereby avoiding additional hardware cost. 

The invention being thus described, it will be evident that the same 
may be varied in many ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention and all such modifications 

30 are intended to be included within the scope of the appended claims. 



